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EXECUTIVE SUMMARY 








ntroduced in North America in 1986, the exotic zebra mussel, Drerssena 

polymorpha, has quickly spread in the Great Lakes region and Eastern United 

States. This aquatic nuisance species 1s expanding its western range, and 1s a 
threat to Western aquatic ecosystems and water management facilities. Prevention 
programs in the East have not developed quickly enough to effectively reduce the 
spread of this species, and no programs have been developed to reduce or limit its 


Unlike native North American 
freshwater mussels, the zebra mussel 
has a free floating, planktonic larva that 
has aided in its rapid spread by water 
currents into downstream areas. These 
planktonic larvae can not move against 
an upstream gradient, and this will 
limit their ability to spread further 
west. In addition, spread of the zebra 
mussel in the Western United States 
to, and across, the North American 
Continental Divide will require its 
transport across long distances in an 
arid climate. Mussels attached to boats 
and other movable equipment will be 
subjected to desiccation over a long 
will assist in Limiting further western 
spread and presumably provide the firsc 
opportunity to slow or halt the 
continuing spread of this species across 
the continent. 


It; addition to constraints placed on 
zebra mussel invasion by climate and 
geography, «t may be possible to use 











The Fish and Wildlife Service 
(Service) can take a lead role in 
combating the spread of the zebra 
mussel and other nuisance species by 
encouraging and organizing efforts in 
the West. First steps would be to: (1) 
Species/Zebra Mussel Coordinators in 
Regions |, 2, and 6 to provide the focal 
point for the Service effort; (2) develop 
and implement a zebra mussel action 





plan that further refines and adds to the 
recommendations of this report; (3) 
finalize an existing Draft Memorandum 
of Understanding with the Bureau of 
Reclamation on nonindigenous species, 
and work with that agency, and others, 
to further develop prevention and 
control measures, (4) work with State 








INTRODUCTION 











Frauee 1 Tee exoric zee, muese., DREIGSENA POL YMORPHA, 1S AN UNWELOOME INVADER 
oF Nort AMERICAN FRESHWATER SYSTEMS, WHERE (T 448 PROLIFERATED Sevce (Ts 1986 


exotic zebra mussel, 

Dresssena polymorpha (Figure |), 

has rapidly spread across the 
Eastern United States and Canada. 
This fouling organism has caused 
millions of dollars of damage to 
ated much interest in control technol - 
ogy (Miller et al. 1992). However, 
little progress has been made in 


preventing the spread of the zebra 
mussel because the musse! has spread 


so quickly that prevention efforts have 
generally not been implemented before 
the mussel invaded. Thus, the major 
efforts to combat the zebra mussel in 
the Eastern United States have focused 
primarily on .ts control and eradication 
(Nalepa and Schioesser 1993). Uncil 
recently little has been done to address 
its containment and the prevention of 
its further spread. 


Most experts believe that, in the 
absence of effective preventative 


measures, spread of the zebra mussel to 
every habitable region of North 
Amenica ts inevitable (Carlton 1993). 
The brief history of the zebra mussel 
invasion and spread in the United 
States, and its known dispersal 
elsewhere (Cariton 1993), suggests that 
it 18 only a matter of tame before the 
zebra mussel spreads across the 
Western United States. 


The Western United States has large 
arid and semiarid territories that may 
provide the first realistic opportunity 
to slow or stop the further sptzad of the 
zebra mussel. It 15 unknown how 
effective the zebra mussel will be in 
colonizing aquatic enviropments 11 
arid regions, but there 1s little doube 
that it will do well in some locations 
and environments As an example, this 
species may thrive in the morst 
environment ot che Pacific Northwest, 
where it could adversely affect aquatic 
systems that may already be stressed by 
anthropogenic development. Large 








water resources proyects in the West 
may be especially vulnerable to adverse 
affects associated with zebra mussel 
infestation in the East. 


It 1s recognized that zebra mussels 
may eventually colonize western areas 
However, if the present, rapid spread of 
the zebra mussel could be reduced for 
only a few years, it could save millions 
of dollars in potential damages to water 
management facilities. A delay in the 
spread of the zebra mussel also would 
allow for a more gradual conversion of 
vulnerable facilities to develop and 
install zebra mussel -resistant measures 
It also could allow time for the 
development of processes and proce- 
dures for protecting sensitive species 
and their environments judged at risk, 
including threatened and endangered 
species populations, and to develop 
zebra mussel prevention and manage- 
ment measures tor them. 


The mechanism of, and potential 
onto the Western United Scates are 
unknown Modes for its western 
dispersal may be different than those in 
the East. Therefore, actions necessary to 
prevent or at least slow the spread must 
first be identified before they can be 
no doubt, be expensive and require an 
extensive commitment from many 
agencies and organizations But the 
potential for environmental and 
be made to stop, or at best reduce the 
spread of zebra mussels. 


The U.S. Congress passed the 
Prevention and Control Act of 1990 
(PL 101-646) in an attempt to reduce 
the spread of a host of exotic species 
that were already established, and to 
further limit new introductions of 
nonindigenous species Although 
much of the stimulus for the passage of 





this act was due to the unvasson of the 
zebra mussel, efforts to date have done 
little to prevent the spread of this 
species into many waterways in North 
America and prospects for sts eraduca- 
tion are low. In this context, the U S. 
Congress, Office of Technology 
Assessment (1993) recently completed 
a comprehensive report on harmful 
nonindigenous species in the United 
policies designed to protect us from the 
worst species are not safeguarding our 
national interests in important areas © 
This Cos.gressional report further 














reduce, and perhaps to prevent further 
westward spread of the exotic zebra 
mussel across the North American 
the course of this evaluation, it became 
evident that some western areas could 
remain free of zebra mussel contamina- 
tion if Certain management techniques 
were implemented Because an 
uncontaminated buffer zone berween 
the Continental Divide and the East 
was considered necessary to prevent 
further spread of the mussel, the area to 
be considered was expanded to include 
all uncontaminated areas east of the 
scenarios were yudged as pertinent for 
reducing of preventing the western 
spread of the mussel, as follows how 
the mussel might be prevented from 
crossing the Continental Divide, how 
zebra mussels might be excluded from 
areas immediately east of the divide. 
and whether the zebra mussel might be 
contained to areas that are presently 
contaminated 





The goal of this report is to 
determine the feasibility of reducing 
and preventing further western spread 
of the zebra mussel, and what role 
might the Service have in this en- 
deavor. Objectives were: (1) to 
determine probable pathways and 
vectors that may be associated with the 
westward spread of the mussel, whether 
these pathways and vectors might be 
controlled, and how, (2) to evaluate 
strategies and tactics that might be 
used to prevent further western spread 
of the zebra mussel, (3) to determine 
what measures the Service, or others 
should take to monitor and control 
these pathways and vectors, (4) to 
evaluate the probable impact that may 
be associated with invasion of the zebra 
musse! 1p western ecosystems, and (5) 
to iceteafy what actions, if any, should 
be taken by the Service in the near 
future. 














The exotic zebra mussel, Drensena 
polymorpha, 1s an unwelcome invader of 
North American freshwater systems. 
This species was discovered in Lake St. 
Clair in 1988, where it presumably was 
established from discharges of ship 
ballast water in 1986 (Miller et al. 
1992; Leach 1993). The freshwater 
ballast, obtained in an European port, 
thrived in food-rich Lakes Erie and St. 
Clair. The zebra mussel spread 
throughout the Laurentian Great Lakes 
in the United States and Canada, and 
into 11 States in the next 4 years 
(Figure 2). It has been detected in the 
Mississippi River above and below the 
mouth of the Missouri River, in the 
Arkansas River, and has probably found 
its way into the Missouri River 
(although undetected as yet). Zebra 
mussels are expected to spread in the 
has been similar to that documented 
for the Great Lakes (Tucker et al. 
1993). 
































Fraume 2 Lens wees, wannnas 

Native to the Caspian region of 1993). Europeans have experienced its 
hustorically inhabited the Aral, canals for nearly 200 years (and more 
species also was a common inhabitant tric projects). By about 1930, the 
of che mouths of large rivers that flow mussel had spread throughout Europe 
and Karnaukhov 1993). The zebra Scientists have speculated (since about 
mussel began increasing its range in 1921) chat zebra mussels might be 
the 19th century by invading North transmitted to the United States by 
European rivers that emptied into the shipping (Nalepa and Schlosser 1993), 
Black Sea, presumably in response to but little was done to reduce the 
canal building and increased eutrophi- likelihood of such an invasion 


cation (Karanaukhov and Karanaukhov 











Once established, the zebra mussel 
is a prolific colonizet. Maturing within 
12 to 18 months in favorable environ- 
ments, it may spawn more than once a 
year, and production of over | million 
eggs per season is possible from one 
female (Miller et al. 1992). Fertilized 
eggs develop into free-swimming 
larvae (veligers) that can remaii, 
suspended in the water for a month. 
Larvae attach to hard surfaces and 
transform into the hard-shelled form 
(post-veligers). Up to 700,000 post 
veligers/m’ have been reported to settle 
in raw water systems during a single 
spawning season (Miller et al. 1992; 
McMahon et al. 1993). In Lake St. 
Clair, the striped, yellow:sh-brown 
mussels grow nearly an inch in the first 
year, reach a size of 1.5 to 2 inches, and 
live about 3 years (Mackie 1993). 


Young zebra mussels settle on various 
surfaces and firmly attach to them with 
threads secreted from a gland at the base 
of the muscular foot (Miller et al. 1992) 


They also can attach to each other, and 
thus form mussel clusters with 
population densities of 5,000 to 30,000 
mussels/m* not being uncommon. 
High densities of 342,000 to 700,000 
mussels/m’ have been reported (Miller 
et al. 1992; Leach 1993), and at high 
densities zebra mussels can form dense 
mats of 12 inches thick or perhays 
more. Because concrete structures, 
steel pipes, and other man-made items 
are good attachment substrate for the 
mussels, they have become a mayor 
problem for industrial and municipal 
water supply facilities Severe problems 
to power plants have been caused by 
zebra mussel colonization inside pupes 


(Figure 3). 





After its introduction into Lake St. 
Clair, economic damages caused by the 
mussel on the Great Lakes was 
estimated at $5 billion (Nonindigenous 
Aquatic Nursance Prevention and 
Control Act of 1990). Infestations of 
zebra mussels ranging from | ,000/m’ 
to 750,000/m’ have been recorded 
from 10 power plants located from 
Lake Huron to Lake Erie (Kovalak et 
al. 1993). Costs to the power industry 
alone has been estimated at $3.1 billion 
over a 10 year period, which includes 
costs for plant shutdown, new design, 
and annual maintenance (US. Con- 
gress, Office of Technology Assessment 
1993). Some power plants have 
expended costs of $250,000 per year 











and more <m control of zebra mussels 
(Miller et al. 1992). 


The City of Monroe, Michigan, 
serves as an example of how munic:- 
palities can be aversely affected by the 
zebra mussel The zebra mussel was 
first detected in the raw water system 
for the city in January 1989. By July 
1989, the L*ke Erie water intake for 
Monroe, a community of 24,000, was 
reduced 20% by the infestation of the 
mussel, and outages occurred from the 
winter of 1989 to the spring of 1990 
(LePage 1993). The costs of control- 
ling the zebra mussel at ches facility 
was estimated at about $40! 000 spent 
berween January | 989 and January 
1991, about $100,000 more for 1991 
expenditures, and an extra burden of 
additional annual operating costs that 
will be required as long as the facility 
is infested with the zebra mussel. 
Control measures at the Monroe tac ility 
are dependent on heavy chlorination It 
this facility 1 required to use other, 


more environmentally acceptable 
means fee control of the mussel, such as 


ozone treatment in leu of chlorination, 
additonal costs could be $4 million tor 
a new treatment plant (LePage 1993). 


Due to its propensity to move from 
one location to the other, the zebra 
mussel has been called the “wandering 
mussel”. In this respect, zebra mussels 
brvalves in North America that do not 
have planktonx larvae Zebra mussels 
colonees appear barnacle-like, but 
unlike barnacles, the zebra mussel can 
drop ts attachment and undertake 
movements like other clams If more 
desirable locations are found later, the 
mussel can regenerate threads and 
reattach. The juvenile mussels can 
break away from their attachments and 
generate new, buoyant threads that 
enable them to drift with the currents 
and fund a new substrate Adults are 
able to move to a new locatie 1 with 
ther muscular foot 


Zebra mussels can undirectly affect 
humans by attaching to various man- 
made and other substrates, but directly 
affect: native mussels (umonids) an 4 
other anumals (eg, crayfish and turtles) 
by attaching to them. Mean densit.¢s of 
6,777 acbra mussels attached per 
umond have been reported on Lake Ene 
(Schloesser and Kovalak 1991). Th. can 
lead to eventual death of hast mussels, 
and has resulted on the decimation of 
native mussels in Lake Ene (Seolaenburg 
1992). 


Zebra mussels feed by filvering 
plankton and other suspended matter 
from the water and depositing st in the 
form of feces and pseudoteces 
(Scholoessaer and Kovalax 1991; 
Griffiths 19944; Tucker et al. 1995), 
An adult zebra mussel filters about | 
luver of water per day (Leach 1994), 
removing virtually all of the plankton 
from the water in the process. Zebra 
muse: feeding 1s Causing physical, 
chemical, 2ad biological changes on 




















aquatic ecosystems of the Great Lakes 
(Griffiths 1990). Water clarity mn 
some areas of Western Lake Ene 
creased as much as 85% during May 
through November, 1988 and | 989, 
and Chlorophyll A declined 54% 
during this same period (Leach 1993). 
Changes on the benrhic fauna of the 
Great Lakes have occurred, mnchuding 
the loss of natrve mussels (Schloesser 
and Kovalak 1991; Griffiths 199 4a, 
Stolzenburg 1992), and standing crops 
of some fishes, including walleve have 
declined (Griffiths 199 3b) 


If left unchecked, the zebra mussel 
could become common throughout the 
temperate zone of North America 
within the next 5 to 10 years. This 
single species poses a multibillion 
dollar threat to industr,, governments, 
and individuals due to 1 s umpact on 
industrial and public water supplies of 
the Nation, as well as shopping. 
boating, fishing, and other recreational 
activities. Its affect on natural eystems 
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Tame 1 (mann Cara, PamasmerTens seamen ron Teens weeds 
Nowrn Aunemca (arren McNaee 1993) 


1s more difficult to quantity, but che 
damage and cost associated with 
endangerment and loss of species, and 
the disruption of natural systems could 


The rapid movement of the zebra 
mussel from the Great Lakes into 
connecting waterways and the 
Mississuppi River has left lnetle time to 
set up programs to evaluate “he risks 
that it poses to natural systems 
Although much general intormaticn 
has been obstauned about the impacts of 
aebra mussel on tresh water environ- 
ments, the potential effects on sensitive 
western ecosystems are unknown 








STRATEGY 





renew of cxisteng enformation about the spread of the zebra mussel mndacated chat 
most of the documented spread across Europe occurred during the industrial 
revolution, and primarily through mterconmecting warerways No information was 
available about the spread of the mussel in and areas. and not enough information 
was available to evaluate the role of overland pathways in spreading zebra mussels 
The one thong that did become clear was the rapid rate at which the anemai can 
spread in the absence of preventative measures Because it appeared that time was of 
the essence on dealing with thes species, efforts were focused on the use of existing 
laws, regulations, permits, partnerships, and other potential methods present'y 
applicable for restricting the spread of the zebra mussel 


In order to prevent the spread of the 
mussel across the Continental Divide, 
it was presumed that much coulJ be 
gained by slowing the western spread 
of the mussei as quickly as possible 
before the divide was reached, 1. , by 
containment of the animal to waters 
cast of the divide. One of the first 
steps in developing this plan was to 
define the area that had the greatest 
potential for invasion (i.¢., the “target” 
area) and areas trom which the zebra 
mussel might spread into the target 
area (i.¢., “contamunated” area) 


Existing pathways and vectors that 
might be involved it, further wesrward 


expansion of the zebra mussel, and 
possible controls that might be 
exercised if an expeditious manner 
were etermined and evaluated This 
evalua son used standard tactics semular 
to tho: > used to combat an epizootic , oF 


epiden x outbreak of a contagious 
disease Thus, pathways through which 
the organisms might be spread. vectors 
that might be che “contagious” agent, 
and methods of contamnung, restricting, 
of otherwise controlling the vector 














were identified Spec itu control program would be extremety usetul on 
techmques used tor Gurect zebra muse! detecting the presence o. zebra mussels 


eradication were not consdered om the West. Once detected, monmor- 
ing may be belptul on determining 
Early detection of zebra mussels on alternative control aptians af various 
an area and montoring programs to tac shetses 
determine thes densities have heen 
used to develop control aperams tor 


various facilities on the Eastern United 
Sates (Kowalak et al 1994) Therefore, 
detection and monitoring programs 
were evaluated tor potential utility 19 
reducing the western spread of rhe 
mussel Expenence elsewhere has 
shown that f-s detection of settled 
ceussels on an area. even though i was 
being monitored. almost always (ame 
trom other, unplanned sources trom the 
public sector (Kraft 1995). Because 
intensive and (ostly monitoring 
programs for the larva provides little 
preinvasion warning tor the settled 
mussels (Kraft 1995), ot appears chat an 
effective information and education 














ment, transfer of water by trucks, 
pumping in pipes and canals, airplanes, 


VECTORS 
Asuna COMES GIDAED GY COLES UD SERRA GUESS: © GOUED Gn GROMED COnEE? Gu 
LOCATION TO ANOTHER. 

F meus it 1S also possible that some intentional 
carrier of many diseases, seagoing introduction might occur. As a case in 
vessels, contaminated bait buckets, and point, aquarium dealers in the Denver 
others are examples of vectors or carriers metropolitan area have sold another 
of the zebra mussel. In most cases, the exotic mollusc, the Asiatic clam 
spread of the zebra mussel through a (Corbicula flumsmea) to hobbyists, and 
pathway requires a separate vector. The _ its invasion of Cherry Creek Reservoir 
most obvious exception is the down- there might be due to escapement, or 
stream drift of the organism in a stream. release from aquaria (Dr. Cal McNabb, 
(It could be reasoned, however, chat the U.S. Bureau of Reclamation, Personal 
stream and water flow constitute the Communication, 1993). The zebra 
pathway and vector). mussel, because of its brighter colors 

and its ability to attach to the sides of 

There are many vectors that are aquaria, may enter into the aquarium 
responsible, or potentially responsible, trade. 
for the spread of zebra mussel in the 
environment. Carriers can be inten- Transport of adult and larval zebra 
tional or unintentioual. For the mussels by boat and trailer is consid- 
purposes of this document we will deal ered a major problem for the West. 
mainly with uninventional spread by Many people trailer boats and motors 
commercial and recreational vessels, across the country for fishing tourna- 


pleasure boating. Adult zebra mussels 
may be attached to hulls, motors, or in 


motor compartments. Larvae may 
occur in live wells, bilge water, or in 














the internal parts of motors or trailers. 
Transfer of a few adults or larvae can, in 
time, result in the establishment of a 
new population of zebra mussels if 
environmental conditions are suitable. 


The transfer of water could result in 
the spread of zebra mussels due to the 
pelagic egg and a free-living larval 
stage of this species (Note: North 
American unionids have neither). 
Therefore, any water taken from a 
contaminated river or lake during the 
zebra mussel breeding season (which 
may last from June to October; Garton 
and Haag 1993) could potentially 
contain the organism. Equipment used 
to move water from a contaminated 
drainage to another uncontaminated 
drainage could be called a vector in this 


aquaculture industry, and the aquarium 
trade. Zebra mussels can also be spread 
in ifrigation water, introduced with 
hatchery bait or aquarium fish, or 
attached to, or on, various items such as 
plastic bags, boxes, and packing that 
are used by fisherman, the aquarium 
trade, and by the aquaculture industry. 








PATHWAYS 





_Sfenres ween asin of wb of zebra mussels in the United States: 
mussels would occur as a carrier one from the eastern United States and 
(vector) transmits the species by the one from Canada. Except for veliger 
use of various pathways. Land pathways transport from Canadian Rivers, this 
would require the services of a vector spread would require a vector along 


land and water routes (Figure 5) as 
documented by Carlton (1993) who 


transport) require a vector (Figure 4). reported zebra mussels transport by 3 
natural and 20 human-related mecha- 

There are two geographic routes of nisms (Table 2). The rapid spread of 

importance for further western spread zebra mussels experienced in North 
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Fraune 4. LAno AND WATER PaTWwaYs. 
























































has presumably been efficient, and 
adult zebra mussels attached to the 
hulls of barges and other vessels and 
boats might be expected to seed several 
harbors over one reproductive year. 





Also, new areas may be occupied when 
attached adults are rubbed off, or if 
they voluntarily detach. 

















The U.S. Army Corps of Engineers 
has studied the transport of zebra 
mussels in the inland waterways and 
determined that barges are very likely 
responsible for the rapid spread of the 
mussels throughout the inland system. 
Of note is the case of a single barge 
that travelled 14,000 miles through 
the inland waterway system between 
May 1991 to May 1992. On May 11, 
1992, zebra mussels were observed on 
the barge, occurring: ©. . . in clusters 
every 2 to 3 feet along the bottom edge 
of the rub rail... . 10 to 50 zebra 
mussels were found in each cluster.” 
(U.S. Army Corps of Engineers 1993). 
The size of the mussels suggested that 
they attached to the barge in 1991. 
These mussels probably spread during 
reproductive periods and perhaps 
anytime when the barge scraped along 
locks and other facilities, dislodging 
the adult mussels. 


The downstream spread of zebra 
mussels in the Mississippi system and 
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Taece 2. Orerensa, mecnanems ron Teena musse ses (arren Camron, 1993). 
(NOTE: SOME CATEGORIES HAVE BEEN COMBED). 


its lateral transportation due to 


commercial water traffic will not be a 


factor in the further western dispersion 


of zebra mussels in the United States. 
(Note: There are some streams that 
enter the United States from contami- 
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nated areas in Canada, and this 
problem will be discussed later). Thus, 
downstream colonization by zebra 
mussel veligers, a mayor problem in the 
Eastern United States, is not viewed as 
great a problem for direct western 














Fraune 6. HvDROLOGY AT DVERENT EL EVATIONS. 


expansion of the species to the would occur differently than has been 
Continental Divide. Thus, it is the rule in the Eastern United States. 
assumed that further western expansion _In mountainous portions of the and 

of this species will require the services West, water is collected in headwater 


of a vector. reservoirs or withdrawn from receiving 
waters, transported via canals, and 
However, if zebra mussels are pumped to agricultural and municipal 
introduced into headwaters west of the areas for consumptive and 
Continental Divide, they could be nonconsumptive uses. In contrast, at 
rapidly distributed by downstream lower elevations and wetter climates, 


drift of larva. However this spread effort is spent co drain excess surface 





water that occurs from local heavy 
rainfall, and transport it to larger 
downstream receiving waters and to the 
Oceans (Figure 6). Thus, if zebra 
mussel are introduced into higher 
elevations of the Western United 
States, larva could be widely distrib- 
uted in a very short period of time. 

















LAND PATHWAYS AND VECTORS 





» precndona 
roads, trails, and paths that could be 
used to transport zebra mussels. The 
primary means of long distance 
overland dispersal of zebra musseis has 
been by transport on small boats on 
trailers (Griffiths et al. 1991). It is 
presumed that transport of zebra 
mussel by land pathways would 
principally occur by transport of boats 
that have zebra mussels attached to 
them, or by transferring contaminated 
equipment, such as nets and live wells, 
from one body of water to another 
Adult zebra mussels may be entangled 
in nets and equipment, or the free- 
living larva may also be present in 
water entrapped in the boat motor, live 
well, or any other moist area. Zebra 
mussels that are attached to boat hulls 
and other exposed areas can be killed in 
hot weather (e.g, if exposed for 2 days 
at 35°C; Jenner and Janssen-Mommen 
1992). However, recent studies have 
shown that even at about 0% relative 


humudity, it takes an exposure duration 


of at least 3 days (McMahon et al. 
1993) to kill adult zebra mussels at 
25°C, and more than 10 days is 
required if the temperature is 15°C or 
less. Thus, it is likely chat adult zebra 
mussels could be inadvertently 
transported to the West by boaters, 
especially during cool weather 


The zebra musse! has been found as 
far west as Wisconsin, lowa, Missouri, 
Arkansas, and Louisiana, and it was 
recently found in the Arkansas River in 
Oklahoma (Figure 2). Although yet 
undetected, it probably invaded the 
Missouri River system via barge traffic 
to the head of navigation at Sioux City, 
luwa, and st may soon be found in the 
waters of Nebraska, South Dakota, and 
North Dakota. It 1s also presumed that 
there may be further invasion into 
Oklahoma, Texas, Kansas, Colorado, 
and New Mexico from the Arkansas 
River. Because there has been 
widespread dispersal and transport of 
zebra mussels in Canadian waters, the 









































possible southerly trensport of zebra 
mussels from Canada into North 
Dakota, Montana, Idaho and Washung- 
ton must also be considered. 


In evaluating potential land routes 
westward from Wisconsin, iowa, and 
Missouri, and southward from Canada, 
mayor roads likely to be traveled by 
people trailering boats to uninfected 
areas were identified (Figure 7). This 
potential avenue for introduction 
represents the first opportunity to stop 
the spread of the zebra mussel. In order 
to prevent the spread, check stations 
with inspectors and disinfection 
equipment could be set uz: on each of 
these routes. 


Land transport of the zebra mussel 
west of the North American Continen- 
tal Divide from the east can occur only 
via a restricted number of roads (Table 
3), and in some States there are only a 
few. Figure 8 presents the Federal and 
State highways across the Continental 














Divide for each State. These routes 
represen: the last opportunity to 
prevent introduction, and cach route 
should have check stations for all 


Scates and other agencies have tried 
to educate the traveling public about 
the dangers inherent in spreading zebra 
mussels and how they might be 
inadvertently transported. Because of 
the possibility of transporting the 
mussel via land pathways, several Scates 
have developed pamphlets and are 
using other public relations tools in an 
attempt to reduce its spread. Public 
information and education could be an 
important part of the prevention 
program for reducing the spread of the 
zebra mussel. 


Even with an effective public 
education program, there may be 
uninformed, negligent, and pethaps 
spread zebra mussels. Potential actions 





Mosrtana 1-15, 1-00, 2, 89, 200, 43. 324. 














192, 20,26, 287 48, 2,278 
Wvrosmo 1-80, 20, 68, 287, 28. 780 
191, 26, 28, 30 
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24, 50, 160 114, 149 
New Mexico 1-40, 1-10, 64, 64, 112, 96, 44, 163, 36, 
84, (0, 160, 70 9, 61, 197, S08, 371 
63, 603, 12, 150, 146 
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of these individuals must also be 
considered. Carlton (1993) reported 
several historic accounts in Europe, 


where people intentionally transplanted 


zebra mussels into new water systems 
for various purposes, such as increasing 
the “...diversity of nature”. We believe 
that this could also happen in the 
Western United States, where reasons 


for intentionally transplanting zebra 
mussels could be to improve water 


quality in ponds, to provide food for 


waterfowl or mollusc -eating fish (1.6, 
freshwater drum, sunfish, etc.), and 
possibly for culture purposes (for 
aquaria, fish bait, evc.). 


If the potential spread of zebra 
mussels is to be controlled, specific 
measures need to be established along 
the highways and roads between the 
infected and uninfected areas. Water- 
craft and trailers in transit along 
western routes should be monitored if 












































There are many lakes, reservours, 
canals and ocher waters in the Western 
Unuted States that are intensively 
managed for recreation, flood control, 
power, and other uses Examples of 
these areas are State and National 
Parks, National Recreation Areas, and 
waters managed or controlled by the 
Bureau of Peclamation, Corps of 
Engineers, or other management 
agencies. In these cases, the launching 
of boats, fishing, and other human use 
are under supervision. As a result, 
these areas are already equipped to 
exclude zebra mussels, and in many 
instances, zebra mussel exclusion could 
be relatively inexpensive 


In addition to transport on boats or 
made of transmission across land may 
accur by transport of contamunated 
water Many western areas permit the 
pumping of water from a stream or 
other body of water into a truck to be 
used in road construction, well drilling. 


farm irtigation of for other purposes, 
including emergency use of water to 
fight fires Such exchange of water 
could concervably spread contaminated 
water between one river system and 
another Another item of mayor 
concern 1s the transfer of fish or other 
aquatic animals in water from contami- 
nated areas to uncontaminated areas 
Control cf this mode of zebra mussel 
transmission must be examined and 


these may be important tor local 
transport. However, the primary method 
of zebra mussel transport across the 
Continental Divide ss anticipated to be 
by boars, motors, and/or trailers Recause 
there are so few routes that are available 
for transporting boats across the 
Continental Divide, it seems feasible 
that some type of regulatory mechanism 
would be effective in strapping them 
Although inspection stations are not 
generally located on the passes across 
the Continental Drvide (due to 
untavorable weather conditions), 
cautionary or warning signs placed at 
strategic locations on roads leading 
over the divide might be effective in 
reducing the spread of zebra mussels 


Some states already have starutes 
forbidding the transport of zebra 
mussels (for example Minnesota) Other 
States that are especially vulnerable to 
economx damage are considering the 
passage of similar laws In California, 
the Scate Department of Water 























WATER PATHWAYS AND VECTORS 








pathways heve probably been che most common means of spreadeng the zrbea mussel in the United Scates The mussels 
are spread downstream as the veligers drift with che current Omce sustable habetats are reached. they attach to soled substrate 
such <6 rack, pen. or boasts in upstream smvasions. the veligers must be axded by a vector, which may include boars and 
barges. or ocher carriers by which che musse! veliger can undergo passrve transport in contrast to land perhways, which are ost 
likely to be on straght lines, wacer pachways are not As endicated on Fygure 4, onby two mayor types of water pathways exist derect 
conveyance of zebra mussels in lakes and rivers (downstream travel) and onderect cransport by vessel 





Information on mayor rrver sy" ms 
on Europe which became infected with 
the nunindigenous mussel has shown 
that the mussel can be transported 
great distances borh upriver and 
downriver within a short span of years 
Mades of 1*s upstream transport are 
generally me well understand. bur 
Carlton (1995) suggested chat che zebra 
mussel may be carned and transmitted 
by a hos: of natural and man onfly- 
enced means All mayor rrvers and 
waterways entering and Commenting the 
western | nvted Sates and eastern 
intested areas should be omsedered 

’ potential pathways (Figure $) Mayor 
waterways are identitied on Figure 9 



































Warerways flowing between che 
infected and ununtected areas of che 


West should be monitored to deter. 
mune it and when aebra mussels are 
present Once aebes mussels are 
detected, barners of inspection stations 
could be established and water craft 
travelong om these routes could be 
restricted, of checked to prevent 
upstream movement of the mussel 
Decontamunation stations could be 
located at boat access sites to remove or 
destroy mussels before watercraft are 
launched unco unintected waters 


In addition to natural streams many 
agricultural, munx spel. and private 
drversion canals exist on che West 
These include thousands of miles canals 
associated with proyects constructed by 
the Bureau of Reclamation and orher 
water developer It zebra mussels 
enter these canals, they could raprdly 


profiterate throughout arras of suitable 
habetar on the West 














may be attached to hulls, motors, or in 
motor compartments. Larvae may 
occur in live wells, bilge water, or in 








AIR PATHWAYS AND VECTORS 





{he third general pathway by which the 
zebra mussel may be spread 1s by air, 
including air tcaffic and shipments of 
occur over long distance (i.¢., across the 
continent or around the wold), or from 
one small, contaminated lake to an 
uncontaminated lake just a few miles 
away (¢.g., by float plane). Air 
shipments of tropical fish, aquatic 


Potential natural vectors for the air 
pathway are ducks and other aquatic 
birds. It has been speculated that larva 
may attach to birds’ feet or that birds 
may pick up zebra mussel laden sticks 
or other debris and carry them 
upstream or between drainages. The 
significance of this vector is unclear 


with respect to long range expansion of 
zebra mussels. 


As discussed with the other 
public support and inspection stations 
have the greatest potential for prevent- 
ing spread via this pathway. 











CONTAINMENT AND PREVENTION STRATEGIES 








nce zebra mussels occur in a river 
system, there are no known methods of 
total eradication. It is believed that, as 
in case of the ruffe (G ymnocephalus 
cernuus, Busiahn 1993), the zebra 
mussel will spread regardless of control 
efforts. If true, the spread of the zebra 
mussel will only be curtailed through 
prevention efforts, not stopped. 
Effective prevention is a combination of 
containment (zebra mussels restricted 
to a certain area), and prevention (zebra 
mussels not entering a new area). Both 
measures must be instituted to prevent 
the further spread of zebra mussels in‘ o 
the western United States. The use of 
buffer zones can be an effective way to 
implement the concepts involved with 


By this approach, actions can be 
prioritized and maximized for better 
efficiency. These three tiers involve 
setting up geographic boundaries as 
follows (Figure 10) 


Ist level of effort (P 1 )—Easterr, border 
of ND, SD, NE, KS, and OK. This is 
the edge of the area presently contami- 
nated with zebra mussel and efforts 
needed there would require implemen- 
tation of containment measures. 


2nd level of effort (P2)—Eastern 
border of CO, MT, WY, NM, and TX. 
This uncontaminated area is the 
western edge of the first buffer zone. 


3nd level of effort (P3)—Canadian- 
U.S. border. This is also on the edge of 
a potentially contaminated area, and 
would involve an international 
containment boundary. 











resources would be directed toward the 
first line of defense; i.e., at the P! level. 
The full gamut of prevention activities 
described for pathways would be 
implemented to contain the mussel east 
of the P1 states, and to reduce their 
spread through the P| area. This 
would include evaluation and potential 
utilization of laws, regulations and 








permits, pursuit of partnerships, and 
initiation of effective information and 
education efforts. Specific activities 
might include setting up inspection 
stations and roadblocks, providing 

decontamination areas, and starting 
school education programs. The P2 


level would be considered a worse-case 


scenario, or a failure of the P] measures. 


Initially, a public awareness program 





would be established in P2. The P3 
level is included because the last real 
threat to the West comes from 
contaminated waters in Canada that 
drain into the United States. The P3 
area is the only location in which the 
Lacy Act might provide effective 


prevention measures. 





INFORMATION AND EDUCATION 








v {here must be a commitment by responsible agencies in infested areas to prevent the 
transport of zebra mussels out of those areas and into noninfested areas. Information 
and Education programs (I & E) are essential for containment. Many US. and 
Canadian agencies and private organizations have developed programs to inform the 
public of the impacts associated with the invasion of zebra mussels. It is important 
for the people to know that efforts must be made to contain this animal to areas 
presently infected, and to make every effort to prevent further local spread into 
smaller uncontaminated bodies of water. This will serve two purposes: 1) to localize 
the infestation in an area, and 2) to contain in an area, thus preventing spread to 
noninfected areas. Present | & E programs must be utilized co the maximum extent 
possible (e.g., Sea Grant). Although the well-developed programs of the Eastern 
United States do not presently exist in the Western United States, they can be used as 





prototypes for developing them. 

The main emphasis of | & E Information and education efforts 
programs should be to address private must be shared with as many other 
ways they can prevent further spread of Recommended objectives of the I & E 
the mussel. As previously stated, effort are to: 
educated public observers are likely to 
provide the first repor's of zebra 1) convince State and Federal agencies 
mussels (Kraft 1993). Because the that the zebra mussel can cause 
West is so large and sparsely populated, adverse impacts to the West, 
public cooperation and participation is encourage these agencies to make 
necessary if the objectives of this preventing the western spread of the 


document are to be achieved. zebra mussel and other 








nonindigenous species a high 
priority, and encourage them to 
abandon their current “wait and see” 
philosophy in favor of a proactive 
one while there is still time. 


(2) develop an awareness of the 

problem among the personnel of the 
U. S. Fish and Wildlife Service, and 
develop MOU’s or other agreements 
with closely-allied agencies such as 
the Bureau of Reclamation, Corps of 
Engineers, and State fish and game 
agencies to prevent the spread of 


stopping the westward spread of the 
zebra mussel. 


To be effective, the Service should 
take a lead role to prevent further 
spread of the zebra mussel and other 
nonindigenous species. This can be 
facilitated internally by establishing a 
high priority by the Director and 
developing a National policy and 
Directive by the Secretary of the 
Interior. It is also necessary that proper 
laws be enacted and existing laws such 
as the Aquati< Nuisance Act be fully 
funded. {n acidition, regulations 
pursuant to provisions of this act must 
be promulgated and enforced to reduce 
further spread of aquatic nuisance 


public education programs in the East 
regarding the zebra mussel, and 
coordination with these entities is 
essential to minimize duplication of 
efforts and maximum use of our 
limited resources. The St. Crozx River 
Zebra Mussel Plan (!993 Interim 
Program) (Klukas and Burke 1993) is a 
well developed plan that lists many 
existing zebra mussel programs. In 
that program and others, efforts range 
from producing brochures and 
videotapes to conducting sophisticated 
programs. In many eastern areas, Sea 
Grant offices have received funding for 
information programs, and have 
produced and distributed newsletters, 
brochures, and other information. Sea 
Grant programs usually target the 
specific coastal state in which they are 
located. Most of the zebra mussel 
programs have not been highly visible 
in the West. 


As information programs develop to 
inform and motivate the public about 











It will require a great deal of work 
to prepare news releases, furnish 
articles to the publishers and broadcast - 
ing stations, and to contact editors of 
outdoor newspaper columns. Existing 
brochures could be utilized where 
applicable, but new ones, that discuss 
preventing the spread of the mussel 
rather than its control, should be 
developed. It will be necessary to be 
innovative in the distribution of the 
brochures in order to get thorough and 
effective coverage. 














REGULATIONS, LAWS, AND PERMITS 





U.S. Congress, Office of Technology 
Assessment 1993). Although the use of 
statutes, regulations and permits will 
evaluation with respect to zebra mussel 
control that 1s beyond the scope of this 
report, some existing Measures are 
pertinent and applicable 


Federal statutes- The zebra mussel 
was designated a species of injurious 
wildlife on April 27, 1992 (57 FR 
16876). The mussel, therefore came 
under the authority of the Lacy Act by 
this designation, and it was added to 


the list of injurious fish, mollusks, and 
crustaceans (50 CFR 16.13). As part of 
this action, the Service prohibsts 
umportation of live zebra mussels or 
viable eggs into the United States or 
any territory or possession of the 
United States. Thus, the Lacy Act 
prohubts transport of this species into 
the United States from Canada. The 
US., and perhaps Canadian border 
agents, should be required to inspect 
all boats, water carriers, etc. for che 
presence of zebra mussels, and to 

that it 1s illegal under the provisions of 
the Lacy Act to transport zebra mussels 
into or out of the United States. It is 
also important that all Federal agencies 
comply with the intent of the Lacy 
Act, i.¢., not to allow activities that 
would result in the proliferation or 
transport of injunous species 


Scate Laws - Many States already 
have laws that apply to zebra mussels 
Scare laws regulate the taking and 


Federal, state, and private fish 
hatcherses are inspected to determine if 
certain pathogens are present. It will 
be necessary to monitor for the 
presence of zebra mussels and to 
include zebra mussels on the list of 
species to be excluded at all fish- 
rearing facilities. A certification of 
“zebra mussel free” status should be 
required betore fish from these facilities 
can be placed into uninfected areas It 
would also seem prudent to quarantine 
all shipments of aquatn species 
recerved om hatcheres that come from 
infected regions of the country. These 
shipments should be inspected for 
zebra mussels (and perhaps other 
species) and destroyed if necessary 











PARTNERSHIPS 








, deere 
prevent further spread of zebra mussels into the West. The effort would be strength- 
ened by the development of partnerships. If the Service and others are to launch an 
effective program, individuals and agencies must be encouraged to take ownership in 
preventing the import of zebra mussels into their area. The formation of joint 
ventures should be promoted between the Service and people from groups such as 
Project Wild, Riverwatch, and others. The Service could facilitate action by provid- 
ing funding, talent, guidance, and equipment. Existing MOU’s could be utilized. 
Localized zebra mussel prevention partnership programs such as the St. Croix 
Conservation Partnership may be effective in keeping zebra mussels out of some 
watersheds. 








CONCLUSIONS 





© Spread of the zebra mussel has 


occurred so rapidly in the eastern 
United States chat it has been 
difficult for agencies to develop 
prevention programs before the 
mussel became established. Thus, 
there has been much work done on 
control, but little on prevention. 


It 1s assumed that zebra mussels 
should not spread as quickly into 
the western, more arid region of the 
United States as it has in the 
eastern United States. The rapid 
downstream colonization of the 
zebra mussel from the Great Lakes 
and transport of the mussel into 
upstream areas by commercial 
barge traffic was predictable due to 
interconnecting waterways. On the 
other hand, conditions in the more 
and west such as upstream 
gradients, and the requirement for 
overland transport of the species, 
may provide the opportunity to 
stop further western expansion of 


the zebra mussel. If so, the zebra 
mussel may be contained to the 
eastern Unuted States for an 
indefinute penod. However, if the 
mussel crosses the Continental 
Drvide and snvades the headwaters 
of large Western rivers (e.g., the 
Columbua River drainage) it may 
quickly colonize huge areas of the 
Western United Scates. 


Critics may scoff at the idea that 
stopping further zebra mussel 
expansion 1s possible, however, 
upstream gradients may make it 
more difficult to spread zebra 
mussels into Western environments 
than in che East. 


Once spread to the Western United 
States, zebra mussels will presum- 
ably create massive water develop- 
ment and environmental problems 
If zebra mussels find their way into 
the thousands of mules of large 

















systems of the Bureau of Reclama- 
tion and other agencies, they may 
be spread at a rapid rate. 


Q Economuc costs associated with the 


introduction of the zebra mussel 

into large Western water proyects 
will be high Slowing its rate of 

perhaps billions of dollars. 


Q Econom benefits associated with 


slowing the invasion of the zebra 
the tame to retrofit municipal 
industrial, and governmental water 
resources development projects so 
they can function with zebra 
mussel infestations 


Q Environmental benefits associated 


with stopping the spread of the 
Western habitats are more difficult 
to assess. The arbra mussel may 


If existing laws, regulations and 


permuts are utilized in an effective 
manner, zebra mussel invasions (an 
be slowed and perhaps prevented in 
some areas Public involvement 
could also provide substantial 
assistance in combatting the spread 
of the zebra mussel 


Q Every effort should be made to slow 


of stop the spread of the zebra 
mussel into the Western United 
States, but control methods should 
also be further developed and + ed 
to remove populations where 
teasible 




















RECOMMENDATIONS 





le ee ee 


Mussel coordinator positions in Regions |, 2. and 6 Coordinators should be senior 
staff, and have the authority to represent Regional Directors in making the necessary 
contacts with Seates and other agencies for the purpose of encouraging the establish- 
ment of Scate nonindigenous species programs It 1s suggested that these coordinators 
be in such positions as to unteract freely between vanous divisions in the Regions, 
inchudung Fisheries, Federal Aid, Ecological Services, Endangered Species, Refuges, 
Law Enforcement, Public Affairs, and others (Note The need for regronal Service 
coordinators to assist in preventing and controlling zebra mussels has previously been 
identified on an earlier Service study (Hendrex et al. 1994) 


Acting through these coordinators, the Service should quickly develop and 
implement an action plan to prevent the further western invasion of the zebra mussel 
and to prevent it from crossing the Continental Divide The following objectives 
should be considered for preventing the spread of zebra mussels: 


| To develop an | & E program tor nonindigenous species and encourage Scates 
and other agencies to develop such programs, 


2. To enforce provisions of the Lacy Act and other applicable Federal and Scate 
statutes at the Canadian Border and other borders as appropriate, 


3. To conmact Scate and Provincial governments and other Federal and private 


agencies, and encourage them to become active participants in slowing or 
stopping further invasion of the zebra mussel by utilizing existing statutes or 


enacting new laws, 

















4. To suppor, and work w convince other 


Federal. Sear and local governmencs. 
and others, of the umportance of an 

uncontarnunaned buffer zone berween 
the Caneinental Dende and contarne- 


b Fish or water should not be 
shipped nor received trom 
contaminated areas unless 
certified free of zebra mussels 


¢. Prowisions of the Lacy Act and 
wntent should be supported and 
actrvely enforced by refusing, to 
provide Federal Aid tunds to amy 
Scate program chat may result in 
the spread of arbra mussels: 





d Partnershups with others should 
be instituted and more interac - 
tive programs that are modelled 
after the Sc. Crocx Conservation 
Partnership, or sumilar programs, 
should be developed 


¢. The Service should expedite the 
final signing of the Draft MOU 
with the Bureau of Reclamation 
and seek to broaden this MOU as 
it suggests. New MOU’s or 
agreements should be developed 
with other agencies and groups as 
deemed prudent: 


8. To identity tacilines and environ- 


ments at risk to zebra mussel 
infestation by working with Seate and 
other Federal Agencies Watershed 
plans should be developed and 
Measures to prevent zebra mussel 
invasion in areas at nsk should be 


determined and implemented 
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